1. Reconstitution of purified bilirubin UDP-glucuronyltransferase from Wistar-rat liver into Gunn-rat liver microsomes provides a better environment than phosphatidylcholine liposomes, such that the final specific activity of the Wistar-rat liver enzyme was increased up to 85 units/mg of protein. 2. Gunn-and Wistar-rat liver microsomes were equally effective for reconstitution of the purified enzyme. 3. The transferase activity does not appear to be fully expressed in the more rigid environment of foetal Wistar-rat liver microsomes. 4. These reconstitution experiments reveal a final specific activity for the purified bilirubin UDP-glucuronyltransferase consistent with the capacity of the whole rat liver to glucuronidate bilirubin and indicate that the absence of this enzyme activity in Gunn-rat liver microsomes is not due to an abnormal microenvironment.
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Hepatic microsomal bilirubin UDP-glucuronyltransferase is the rate-limiting enzyme in the excretion of bilirubin in neonatal jaundice and
Crigler-Najjar syndrome (Odell, 1980) . It is important to know whether drugs or xenobiotics compete with bilirubin for the same active site on a single enzyme, to prevent therapeutically-induced problems (Burchell, 1981a) . This information can only be obtained by defining the boundaries of specificity of a fully active purified bilirubin UDP-glucuronyltransferase (Burchell, 198 la) . Indeed reconstitution of highly purified UDP-glucuronyltransferase preparations with phosphatidylcholine liposomes revealed previously undetectable activity towards testosterone .
We have recently purified bilirubin UDPglucuronyltransferase to apparent homogeneity, although the enzyme activity did not appear to be optimally reconstituted using phosphatidylcholine liposomes (Burchell, 1980 ). Thus we have searched for a better alternative.
Bilirubin UDP-glucuronyltransferase activity is completely absent from Gunn-rat liver microsomes (Carbone & Grodsky, 1957; see Burchell, 1980) and almost completely absent from foetal rat liver microsomes (Wishart, 1978) . These hepatic microsomal fractions were chosen as an alternative for reconstruction experiments.
The present paper reports that after reconstitution of purified bilirubin UDP-glucuronyltransferase with rat liver microsomes a more highly active enzyme can be demonstrated.
Experimental
Egg phosphatidylcholine (grade 1) was purchased from Lipid Products, South Nutfield, Surrey, U.K. Bilirubin and UDP-glucuronic acid were from Sigma Chemical Co., London, U.K.
Bilirubin UDP-glucuronyltransferase was assayed and purified by the methods described previously (see Burchell, 1980, 198 lb, for references) .
Phosphatidylcholine liposomes were prepared in 0.4M-Tris/maleate/60mM-MgCI2, pH 7.4 buffer, by ultrasonication (Cater et al., 1975) . Gunn-and Wistar-rat liver microsomes were prepared in 0.25 Msucrose as described by Burchell (1977) . Foetal rat liver microsomes were prepared as described by Cresteil et al. (1979) . All rat microsomal pellets were frozen overnight before use as suspensions (2 mg of protein/ml) in 0.15 M-KCI. Portions of purified UDP-glucuronyltransferase (50-lO0,ul) were mixed with up to 50,ul (100,ug of protein) of microsomal fractions or up to 20,ul (200,ug) of phosphatidylcholine liposomes and incubated for 10min at 20°C before assay of bilirubin UDP-glucuronyltransferase. Polyacrylamide-gel electrophoresis was performed using a slab gradient (4-23%) gel by the method of Laemmli (1970) .
Results
Bilirubin UDP-glucuronyltransferase was purified to near-homogeneity (see the Experimental section). The purified transferase preparation contained one 0306-3275/82/030653-04$01 .50/1 (© 1982 The Biochemical Society Vol. 20 1 major protein and a single minor contaminant protein mol.wt. z 4000, which could be observed by sodium dodecyl sulphate/polyacrylamide-gel electrophoretic analysis. The purified enzyme alone was unable to catalyse the glucuronidation of bilirubin (Table 1) , presumably because the preparations are almost completely depleted of phospholipid (Burchell & Hallinan, 1978; Burchell, 1980) .
Reconstitution of the purified transferase with an excess of phospholipid revealed some activity of the purified transferase, confirming previous work (Burchell, 1980) . However, a remarkable stimulation of the purified transferase activity occurred after reconstitution with Gunn-rat liver microsomes (Table 1) . Gunn-rat liver microsomes do not exhibit bilirubin UDP-glucuronyltransferase activity, although these membrane suspensions were 4.5-6-fold more effective for reconstitution of the purified transferase than phosphatidylcholine liposomes. Furthermore, Gunn-rat liver microsomes were equally as effective as Wistar-rat liver microsomes in restoration of activity to the purified enzyme.
Foetal (21-day-old) Wistar-rat liver microsomal suspensions were not as effective as the adult microsomes in restoration of activity to the purified transferase, but foetal liver microsomes were better than phosphatidylcholine liposomes alone (Table 1) .
We also examined the effect of these various 'environments for reconstitution' on the partially purified preparation (DEAE-cellulose concentrate) of the transferase, in order to further study the abilities of phosphatidylcholine liposomes and adult rat liver microsomal suspensions to restore activity to the highly purified transferase. The DEAE-cellulose concentrate is the penultimate step in the purification procedure (Burchell, 1981b) and still contains phospholipids (Burchell, 1980) . Addition of phosphatidylcholine liposomes or rat liver microsomal suspensions to the DEAE-cellulose concentrate was equally effective in stimulation of the bilirubin UDP-glucuronyltransferase activity in this preparation (Fig. la) . Foetal rat liver microsomes were not as effective as phosphatidylcholine liposomes (Fig. lb) .
Discussion
Reconstitution of highly purified bilirubin UDPglucuronyltransferase from Wistar-rat liver into Wistar-or Gunn-rat liver microsomes has revealed that the final specific activity of the Wistar-rat liver enzyme is approx. 85 units/mg of protein. This value is at least 10 times higher than any previously obtained (Burchell, 1980, 198 lb) , and is of the order expected when considering the purification achieved (Burchell, 1980) and the capacity of the whole liver to glucuronidate 3-4mg of bilirubin/kg body wt. per day (Odell, 1980) . It has been suggested that abnormal enzyme-lipid interactions or environment in Gunn-rat liver microsomes are responsible for the low activity of UDP-glucuronyltransferase towards various substrates (Zakim & Vessey, 1976; Odell et al., 1981) . Part of this theory was based on the lack of UDP-glucuronyltransferase activation by deter- gents (Zakim et al., 1973) ; this has not been confirmed by more recent studies (Bock et al., 1978; Leakey, 1978; Burchell & Bock, 1980; Lalani et al., 1980) . Furthermore the demonstration here that Gunn-or Wistar-rat liver microsomes are equally effective environments for restoration of activity to highly purified bilirubin UDP-glucuronyltransferase suggests that the Gunn-rat hepatic microsome is not an abnormal environment. Presumably, a bilirubin UDP-glucuronyltransferase must be either absent or defective in the Gunn-rat liver . Foetal rat (21-day-old) liver microsomes, however, do not appear to provide the best environment for the purified bilirubin UDP-glucuronyltransferase (see the Results section). It has been suggested that the maturation of the hepatic endoplasmic reticulum during development may lead to changes in demonstrable UDP-glucuronyltransferase activity (see Kapitulnik et al., 1979; Dutton, 1980 , for references). Thus it is perhaps not surprising that the more rigid environment of foetal rat liver microsomes (Kapitulnik et al., 1979) does not reveal the full activity of purified bilirubin UDP-glucuronyltransferase incorporated into this membrane. However, it appears that the foetal liver microsomal membrane is unlikely to prevent the appearance of an enzyme activity, but may modulate any existing activities.
Thus we have observed that bilirubin UDPglucuronyltransferase is highly purified in good yields by the methods previously described (Burchell, 1980, 198 lb) . Further, our reconstitution experiments may be used to assess the manner by which the microsomal environment can modulate UDP-glucuronyltransferase activity.
